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We propose to investigate a particle with four different flavors, bsu¯d¯, which is a promising de-
tectable tetraquark state. Its BK threshold, 5773 MeV, is 270 MeV higher than the Bspi threshold
of bdu¯s¯ and bud¯s¯, leading to a large mass region to be stable. If the lowest-lying bsu¯d¯ state exists
below threshold, it can be definitely observed via the weak decay mode J/ΨK−K−pi+, with the
expectation of hundreds of events in the current LHCb data sample but rejecting backgrounds due
to its long lifetime. This can be a benchmark of the existence of X(5568) which is a partner of bsu¯d¯
under the flavor SU(3) symmetry. If no signal is observed in this mode, it constrain the mass of
the ground tetraquark state to be larger than the threshold. In the case above threshold, it can be
detected via the strong decay mode B
0
K−. The csu¯d¯ state has similar features.
INTRODUCTION
The studies on exotic states beyond the quark model
are helpful to understand the non-perturbative QCD.
The observed XY Z and Pc states are explained by too
many theoretical models, such as tetra- or penta-quarks,
molecules, threshold or cusp effects, and so on [1–5].
Even in each model, the calculating results would vary
significantly due to the large ambiguities of the con-
stituent quark or diquark masses and the effective cou-
plings. It is then crucial to find a particle to discriminate
them.
All the observed exotic states are measured via strong
decays. In another word, they are all above some thresh-
olds. If a particle was observed via its weak decays with a
mass deeply below the threshold, it would be a signature
of compact tetraquark state.
Two recent works [6, 7] find a stable bbu¯d¯ tetraquark,
implied by the recent discovery of the first double-charm
baryon Ξ++cc (ccu) at LHCb [8]. The mass of doubly bot-
tom tetraquark state is predicted to be around 100 MeV
below the B−B
0
γ threshold, leading to its decay only via
the weak interaction. It was a good opportunity to be
searched for and establish the existence of tetraquarks.
But unfortunately, it is impossible observed due to the
lower probability of production with two bottom quarks
and the small branching fractions with both b-quark de-
cays.
Another interesting candidate of exotic state is
X(5568) which was found in the final state B0spi
± by
the D0 collaboration [9], as a first candidate with four
different quark flavors, bdu¯s¯ or bud¯s¯ and their charge-
conjugated ones. But subsequently this result was not
confirmed by LHCb [10] and CMS [11]. To demonstrate
its existence or not, it needs more other measurements.
In this work, we propose to study a particle with the
quark component of bsu¯d¯ which is different from X(5568)
by the changing of the strange antiquark to be a quark.
For simplicity, we will denote this particle as T−bs = bsu¯d¯.
Its advantage is the BK threshold, 270 MeV higher than
the Bspi threshold of X(5568). Under the flavor SU(3)
symmetry, T−bs is a partner of X(5568), with their masses
close to each other. If X(5568) does exist, T−bs must be
stable and decay via weak interaction. Even if X(5568)
does not exist, there is still large mass region for T−bs
below threshold and being stable, since the BK threshold
is 200 MeV higher than the mass of X(5568).
Searching for T−bs through its weak decays, if it exists
below threshold, has abundant of advantages. The pro-
duction is not a problem because of only one heavy quark
involved. Its lifetime is approximately the same as the
ones of B mesons and B baryons, long enough for experi-
mental searches at hadron colliders to reject background
from the primary vertex. Besides, the most favorable
decay mode is J/ΨK−K−pi+, which can be well stud-
ied involving a J/Ψ. Compared to the current data on
B− → J/ΨK− at LHCb, we find there are still hun-
dreds of events of T−bs → J/ΨK−K−pi+ with almost no
background, which can be definitely observed as long as
it exists there. Observation of T−bs via its weak decay
would signal the tetraquark structure. Therefore, T−bs is
a promising detectable tetraquark state.
Even if no signal was found in the above weak de-
cay mode, the result would also be important, because it
would provide constraint on the lower limit of the mass
of the bsu¯d¯ tetraquark which should be larger than the
BK threshold. This could exclude some parameter space
of theoretical models. If T−bs , the lowest-lying bsu¯d¯ state,
exists above threshold, it strongly decays into B
0
K− in
which the charged kaon suppresses the background by
one order of magnitude compared to the pions in B0spi
±.
T−bs is searched through weak decay mode at the mass
region below threshold. In the region above threshold,
the scanning of the B
0
K− invariant mass should be ex-
tended up to 6200 MeV or 6300 MeV, for example, due
to the large uncertainties of theoretical predictions.
In the following of this Letter, we will discuss the de-
tails on the production and decays of the bsu¯d¯ state in
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2both cases of above and below threshold. Its mass is pre-
dicted in two models, but with the results in discrepancy
showing the large ambiguity in theory. The searching
for the bsu¯d¯ state in experiments with or without signals
would be helpful for theoretical studies. The charmed
partner, csu¯d¯, has similar features. In the end, it is a
summary.
PRODUCTION AND DECAY OF bsu¯d¯
The promising observation of the bsu¯d¯ tetraquark state
is mostly about its production and decay. The produc-
tion and decay of the bsu¯d¯ state is compared with those
of B− → J/ΨK−, to estimate the signal yields in exper-
iments for its search. In [12], it was reported that more
than 3× 105 events of B± → J/ΨK± were collected for
the 7 and 8 TeV data sample at LHCb. Several times
more signal yields can be expected at the LHCb RUN 2.
The relative probabilities of productions of bottom
hadrons are naively expected as B+ : B0 : B0s : Λb =
1 : 1 : λ : λ2 with λ ∼ 0.3 [1, 13]. The productions of a
strange quark and the u¯d¯ anti-quark pair in T−bs would
be suppressed compared to B+ by factors of λ and λ/2,
respectively. Besides, the bq diquark suffers another sup-
pression by a factor of λ/2, by analogy with the color
connections of the baryon bq-q and the meson b-q¯ in the
string fragmentation model [13]. Therefore, the produc-
tion ratio of T−bs/B
− can be expected to be
PT−bs
PB−
= λ× λ
2
× λ
2
∼ 0.7%. (1)
The probability of the production of T−bs is three orders
smaller than that of B−.
For the decay of bsu¯d¯ tetraquark, it has to be con-
sider in two cases: the mass above and below the BK
threshold, corresponding to strong and weak decays, re-
spectively. Due to the higher mass of bsu¯d¯ , we will only
mention the LHC detectors if we discuss some experi-
mental searches, since Belle (II) may not produce this
particle.
Below threshold
If the bsu¯d¯ tetraquark state exists below the BK
threshold, i.e., mT−bs
< 5773 MeV, it is a stable state
and can only decay weakly. In this case, the lifetime of
T−bs can be easily estimated to be around 1.5 ps. In T
−
bs
, there is only one heavy quark, the bottom quark, and
all the other quarks are light. Therefore, its lifetime is
dominated by b quark decays. In the heavy quark limit,
the lifetimes of all the charmless b-flavored hadrons are
equal,
τ(T−bs) ≈ τ(B+) ≈ τ(B0) ≈ τ(B0s )
≈ τ(Λ0b) ≈ τ(Ξ−b ) ≈ τ(Ξ0b) ≈ 1.5 ps. (2)
The non-spectator effect from the s quark is similar to
those of Ξ−,0b , while the effects from u¯ and d¯ anti-quarks
are in analogy with those of B+,0. All these effects are
corrections of the order of 1/m2b in the heavy quark ex-
pansion, and are expected to be around 10% or less. The
bd¯↔ db¯ oscillation exists in T−bs . But after oscillating to
[ds][b¯u¯], it would immediately strongly decay into B0spi
−
just as X(5568). Its contribution to the lifetime of T−bs is
then negligible since it happens via box diagrams com-
pared to the tree contributions. Therefore, the lifetime
of T−bs in case of below threshold is about 1.5 ps. A sta-
ble particle with a lifetime at the order of ps is always
easier to be detected at the hadron collider due to the
significantly rejecting the background from the primary
interaction vertex.
The most favorable decay mode of the stable T−bs is
J/ΨK−K−pi+. It involves J/Ψ which is easier to be
detected by µ+µ−. Besides, the events involving J/Ψ
are always collected in the trigger at LHCb, which can
be directly analyzed for the current data sample. The
decay width Γ(T−bs → J/ΨK−K−pi+) is approximately
identical to that of b→ sJ/Ψ at the leading order of the
heavy quark expansion. Considering the closeness of the
lifetimes of T−bs and B
−,0, the branching fraction is
B(T−bs →J/ΨK−K−pi+) ≈ B(B
0 → J/ΨK+pi−)
≈ B(B− → J/ΨK−) ∼ 1× 10−3. (3)
Since the production of T−bs is three orders smaller than
that of B− in Eq. (1) and the branching fractions of
T−bs → J/ΨK−K−pi+ and B− → J/ΨK− decays are sim-
ilar, the total signal yields of T−bs decaying into final states
would be three orders smaller than those of B−. Con-
sidering 3× 105 events of B+ → J/ΨK+ collected at the
data sample of 3 fb−1, it can be expected that there might
be hundreds of signal yields of T−bs → J/ΨK−K−pi+ at
LHCb RUN 1, and up to thousands of events at LHCb
RUN 2.
In a few words, bsu¯d¯ must be observed as long as
it is below threshold. Hundreds of events are enough
for the observation of a stable particle with a lifetime
of picoseconds. Besides, if the observed mass is much
lower than the threshold, it would signal a matter of
tetraquark. If no significant signal is found with the full
RUN2 data, it can be concluded that the ground state of
T−bs is above threshold. The constraint on the lower mass
of tetraquark states could be involved in a systematically
analysis considering more particles in a global fit [14].
3FIG. 1: Mass of bsu¯d¯ tetraquark state predicted under
SU(3) symmetry with X(5568), in Model-I and in
Model-II are shown in the red solid lines. Its decay
modes are also given.
Above threshold
If the bsu¯d¯ tetraquark state exists above the BK
threshold, i.e., mT−bs
> 5773 MeV, it strongly decays into
B
0
K− or B−K
0
. An isosinglet scalar meson decays into
two iso-doublet pseudoscalar. In this work we will dis-
cuss more about the former mode since the neutral kaon
in the latter lowers down the detection efficiency. The B
0
mesons can be reconstructed by J/ΨK−pi+. A search-
ing via strong decays suffers higher backgrounds at the
primary vertex, compared to a weak decay. But the de-
caying final state of T−bs involves a charged kaon, which
could significantly suppress the backgrounds compared
to the mode of Bspi of X(5568). At the primary inter-
action point, the production of kaon is one order smaller
than that of pion.
The width of a resonant state is important for mea-
surement. If its width is too broad, it may not be sig-
naled above the background. In the large Nc limit of
QCD, the widths of compact tetraquark states are narrow
scale as 1/Nc [15–17]. The strong decays of a tetraquark
state requires quark exchange from the color-antitriplet
diquark to be a color-singlet meson. Thus the width of
a tetraquark state would be narrow. On the contrary,
a state of molecule can directly strongly decay into final
states, with an expected wider width.
The production are similar to that of the below-
threshold state, as we are always discussing the ground
state of bsu¯d¯ . The branching fractions of the strong de-
cay modes B
0
K− or B−K
0
are approximately one half.
Considering the relations of branching fractions in (3),
it can be expected that the events in the case of above
threshold are similar to the discussions on the below-
threshold one, with just a difference of a factor of two, but
the same order. Then we still have hundreds of events,
but with a larger background. Thus a discovery of the
above-threshold state may need the full data of LHCb
RUN 2. If no significant signal is observed, it would con-
TABLE I: Values of masses and couplings in Model-I, in
unit of MeV. The q denotes u and d quarks.
diquark [bs] [cs] [ud] spin-spin sq¯ cq¯ bq¯ qq cs bs
masses 5434 2118 395 couplings 48.8 17.5 5.8 103 25 25
strain the following ratio of
ρT−bs
≡ σ(pp→ T
−
bs + anything)× B(T−bs → B
0
K−)
σ(pp→ B0 + anything)
.
(4)
MASS OF bsu¯d¯
There are too many models to calculate the hadron
masses. Even in one model, large ambiguity can still be
expected due to the quark masses and effective couplings
which are actually situation dependent. Here we will not
try to predict the mass of the bsu¯d¯ state with higher
precision, but study it in two models and SU(3) symme-
try for a glance on this state. To be more clear, as no
tetraquark state is established so far, the bsu¯d¯ mass can
only be determined by experiments. What we will show
is that there is still possibility of the existence of bsu¯d¯
below threshold, and it is worth to search for it.
Firstly, if X(5568) exists, bsu¯d¯ is its partner under the
SU(3) symmetry, and their masses should be close to
each other. Even considering the SU(3) breaking effect,
T−bs is still stable because X(5568) is 200 MeV lower than
the BK threshold and a SU(3) breaking effect in the
spin-spin interaction may not cause such difference.
Secondly, we use two models to calculate the mass
of the bsu¯d¯ state. Model-I is the tetraquark picture in
the diquark-antidiquark scheme described by the effec-
tive Hamiltonian [18]
H = m[bs] +m[ud] +
∑
i<j
2κij(Si · Sj), (5)
where m is the constituent mass of the (anti)diquark,
i, j denotes the quark components, S represents the
spin of the (anti)quark, and κ is the spin-spin coupling.
This model has been widely and successfully used in
the understanding of hidden bottom and hidden charm
exotic states. The relevant values of masses and cou-
plings are used as in [18, 19], shown in Table I. Note
that κij = (κij)0/4 for quark-antiquark couplings, and
κij = (κij)3¯ for quark-quark couplings, to be clear in
comparison with those in literature. Then the mass of
T−bs is be obtained below the BK threshold,
mT−bs
(Model-I) = 5637 MeV. (6)
4TABLE II: Values of masses, hyperfine interaction
terms and the bindings in Model-II, in unit of MeV.
The q denotes u and d quarks. abs = acs = (70.7/43.0)a.
mbb m
b
c m
b
s m
b
q a/(m
b
q)
2 B(bs) B(cs)
5043.5 1710.5 538 363 50 −41.8 −35.0
Model-II is a simple quark model including the hyper-
fine interactions and binding energies [6, 20]. The mass
of T−bs is simply the sum of these contributions,
mT−bs
(Model-II)
=mbb +m
b
s + 2m
b
q + abs/(m
b
bm
b
s)− 3a/(mbq)2 +B(bs)
=6119.7 MeV, (7)
where the subscript b denotes the masses are obtained
in the baryon systems, a and abs describe the hyperfine
interactions, and B(bs) is the binding between b and s
quarks. The values of quark masses, hyperfine interaction
terms and the bindings are taken from [20], and listed
in Table II. The above prediction on the mass is much
higher than the threshold. There is a large gap between
the predictions in (6) and (7), both corresponding to the
red point in Fig. 1.
The mass is expected to be larger than the Bspi thresh-
old. The smallness of the pion mass results from the
feature of pion as the Goldstone particles of the chiral
symmetry and its slight breaking, while the tetraquark is
not the case and should be understood by the ordinary
quark model.
csu¯d¯ TETRAQUARK
The above analysis on the bsu¯d¯ state can be easily
generalized into the csu¯d¯ state, named as T 0cs. Firstly,
the masses predicted in the two models using the values
of parameters in Tables. I and II are
mT 0cs(Model-I) = 2321 MeV, (8)
mT 0cs(Model-II) = 2581 MeV. (9)
If T 0cs exists below the DK threshold, it weakly decays
into K+K+pi−pi−. But its lifetime has to be calculated
carefully. Unlike T−bs , the heavy quark expansion does
not work well in the charm system. If T 0cs exists above
the threshold, it strongly decays into D+K− or D0K
0
.
The product of the production cross section and the
decaying branching fractions of T 0cs is expected to be two
or three orders of magnitude larger than that of T−bs .
Thus there would be much more events for T 0cs . It can
be searched at LHCb and Belle (II). Similarly to the case
of T−bs , if no signal is observed via the weak decay of
T 0cs → K+K+pi−pi−, it can be used to constrain the mass
of tetraquarks.
FIG. 2: Same as Fig. 1 but for csu¯d¯ tetraquark state.
SUMMARY
We find the bsu¯d¯ state is a promising detectable
tetraquark state. Benefited from its higher threshold,
it has large mass region to be stable and decay weakly.
A state observed via weak decays would signal the ex-
istence of tetraquark structure. Besides, its longer life-
time makes it easier to be measured with the rejection of
background. The observation of bsu¯d¯ in the weak decay
mode is also a benchmark of the existence of X(5568). If
it measures with null result, it would also be important
to constrain the lower limit of the mass of tetraquarks.
The csu¯d¯ state has similar features.
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